Abstract: A trend of large-scale wind power integration has been formatted in China. However, current conventional Energy Management System (EMS) can not be suitable for this new demand. In this paper, based on the operational characteristics of wind power and the concept of uniform dispatch, the basic supporting platform, application modules and their key technologies and implementation methods of EMS are analyzed to ensure the safe and economic operation of power grid with large-scale wind power integration.
INTRODUCTION
Wind energy has been paid great attention all over the world. For its wide distribution, large reserves, cleanness and relatively mature technology characters, wind power has become one kind of clean energy with the fastest growing speed and the most widely application. Currently, the capacities of single unit and single farm are growing very large (Shi, et al, 2008) , and then the penetration rate of wind power becomes much high. Wind power penetration in some countries including Germany, Spain and Denmark and so on has reached 25% (Erikson, et al, 2005) . In China, the distribution of wind resources and load centers is opposite, and then there are some typical characters of the wind power in China, including large-scale, long-distance transmission, centralized integration. At present, seven wind power bases all above one million kilowatts have been planned to build in Inner Mongolia, Xinjiang, Gansu, Hebei, Jilin and Jiangsu provinces. Overall, a trend of large-scale wind power integration has been formed in China.
Because of the fluctuation, incomplete-predictability and low-controllability characteristics of wind power, dispatching and control of power grid with large-scale wind integration will be faced with various technical and management challenges (Sun, et al, 2007) . However, the technologies and administration methods of traditional Energy Management System (EMS) can not be suitable for this new demand. Presently, in some areas with high penetration of wind power, wind power integration has been a threat to the security and economic operation of power systems. Thus, it is necessary to develop new EMS to be suitable for the large-scale wind power integration, which should consider the characteristics of the operation of wind power. Ultimately, the proposed EMS would be helpful for the effective integration, rational digest and safe dispatching of wind power.
Presently, most of the literatures only analyze the control problems of wind farm from the viewpoints of substations, but there are seldom discussions from the viewpoints of dispatch centers.
Aiming at the wind farm with super-capacities, in order to smooth the active power output of wind farm and restrain the voltage fluctuation, an integral strategy is proposed in to coordinate the network control, super-capacity management and converter control. The reference (Han, et al, 2008) analyzes the influence of load frequency characteristics on the frequency control of power grid with large-scale wind power integration. Considering the participation of wind power in primary frequency control of power systems, the article (Lalor, et al, 2005) compares the primary frequency response characteristics of constant speed wind farms with that of variable speed wind farms. The variable wind generators (e.g. DFIG) are studied in (Guan, et al, 2007 , Teninge, et al, 2009 , Keung, et al, 2009 , and it is pointed out that power grid can use the rotor kinetic energy of wind generator to assist primary frequency control, through adding a control unit that can reflect the grid frequency change to variable speed control system. Considering the participation of wind power in second frequency control, the wind power distribution and control methods in the wind farms are studied in (Hansen, et al, 2006 , Ackermann, et al, 2007 , after receiving the active/reactive instructions from upper scheduling center. Reference (Bousseau, et al, 2006) introduces the detailed process of wind farm's participation in the second frequency control when the wind generators are operating in the state of derated generation. Moreover, it is pointed out in (Ernst, et al, 2010) that the increasing active/reactive power control abilities of wind farms have provided conditions that wind farms can participate in the primary, second and third active/reactive power dispatching and control and other ancillary services.
In this paper, based on the operation characteristics of wind power and the concept of uniform dispatch, the basic supporting platform, application modules and their key technologies and implementation methods of EMS will be analyzed to ensure the safe and economic operation of power grid with large-scale wind power integration.
NEW CHALLENGE AND ITS SOLUTIONS OF EMS WITH WIND POWER INTEGRATION

New Challenge of EMS with Wind Power Integration
Due to the integration of large-scale intermittent renewable energies (such as wind power) into power grid, the dispatch and control technology and administration of power grid face great challenges. The motivity of wind power (wind) is uncontrollable, and then the state and output of wind generators are mostly dependent on the state of natural wind. From the viewpoints of power grid, the integrated wind farm can be regarded as a strong random disturbance source. Meanwhile, under present technology level, the power of wind farms still can not be accurately forecasted. Therefore, when large-scale wind power is integrated, it's more difficult to make generation schedule, shave peak, regulate frequency and voltage, and improve reserve management. With the increase of the penetration rate of wind power, the supporting ability of original conventional generators for the grid scheduling would be relatively weakened, and then the difficulty of grid security dispatch would be further increased.
From the technical perspective, the main challenges of wind power dispatching are as follows:
(1) Difficult to shave peak Generally, wind resource is less in the day, but more in the night. It does not match with the character of load. Due to the data of Jilin grid in 2009, the probability mismatch is more than 50%, and the days of larger peak-valley in a year are more than 200. Therefore, it has to take certain actions (e. g. abandoning the wind) to keep the power balance during low load time.
(2) Great burden to regulate frequency According to the statistics, the output fluctuation of wind power often exceeds 90 MW within 30 minutes, and it was more than 300 times from February to November in 2008 in Xinjiang Province. Therefore, the frequency regulation pressure of the grid and the frequency regulation times of conventional power are greatly increased.
(3) Great influence to control voltage According to the statistical data in 2008, the voltages of 110 kV system in Dafeng substation (in Xinjiang Province) were often under 113 kV. Then, the voltages of its 220 kV system had to be maintained more than 238 kV in full year. Moreover, the operation of wind farm overly depends on the reactive power compensation, and then the flexibility of the grid operation is limited. For example, when the 500 kV reactive compensation equipment is offline in Tala area (in Inner Mongolia), the voltages of 220 kV system will rise to 257 kV.
Solutions
Due to the challenges of large-scale integration of intermittent energy, from the viewpoints of grid, the dispatching centers should coordinate various generation resources in the grid, rationally dispatch the output of generating unit and track load fluctuation based on the load forecasting. The aim of all these measures is to realize the real-time dynamic balance of power supply and demand, and to satisfy the safe standard. The conceivable solutions are as follows:
(1) More reserve capacity should be kept to reply to the conventional load fluctuation and the demand in sudden fault. Consequently, the reliable power supply of power grid can be guaranteed.
(2) For the power supply resources, some measures should be taken to restrain the fluctuation of generating power.
Energy storage is a kind of effective method to improve the controllability of the active power output, so mass storage devices can be installed in wind/photovoltaic power station. By using the complementary characteristic wind power, solar power and battery, the wind-battery, solar-battery or windsolar-battery hybrid generation station can be established, and the output power may relatively stable. The pump storage is currently the most mature energy storage technology. However, if there is rich wind or solar power in an area, the water resource may not be rich. Thus, the construction of pump storage/wind/solar hybrid station is restricted. Moreover, for other physical or chemical storage methods, the capacity is often very limited. Therefore, the feasible solutions are "combining wind power with thermal power", "combining wind-solar power with thermal power", etc.
(3) From the viewpoints of scheduling, the fluctuation of wind power output should be smoothed in wider range by breaking the barriers of provincial power balance.
At present, the active power control mode of Chinese regional interconnected power grid is two-level scheduling system: each provincial control area uses Tie-line Bias Control (TBC) mode to maintain the local balance of active power in provincial grids; the regional control areas are usually responsible for frequency regulation in case of emergency or taking on some special control assignments such as regulating the cross-regional UHV AC tie-lines. In above control modes, there should be certain regulative resources in provincial control area, and the provinces with few regulative resources need support from other provinces. However, the support capacity is very limited at present. In addition, due to the constraints of the scheduling jurisdiction, some superior adjustable resources (e. g. regional directlycontrolled units) can not be effectively utilized.
Above phenomenon is more and more obvious when largescale wind power is centralized integrated, and there is high inter-provincial wind power exchange.
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In traditional control mode, the area of high wind power penetration will bear all losses of wind power in faults, and it is very difficult to maintain the stability solely dependent on the AGC regulation ability of provincial grid.
Thus, traditional control mode goes against large-scale integration of wind power. All of the adjustable resources in the provincial grid and the area should be used fully, and the fluctuation of wind power output should be smoothed in wider range.
BASIC FRAMEWORK OF THE PROPOSED EMS
Design Objective of the Proposed EMS
The core functions of wind power scheduling of the proposed EMS should be designed compositively to realize real-time monitoring, analysing, decision making and controlling, and the EMS should take full advantage of regulation resources of grid, maintain the power balance and optimum distribution of resources in large areas, and carry out rational digestion and safe integration of wind power. The objectives of the overall design are as follows:
(1) Standardization
Standardized and integrated platform is the foundation of the system, and it is the key point of the system construction. The unified platform and interface standards should be adopted to make the platform highly open through the standardization. The basic platform provides standardized application interface for graphics, model, database, information, service, management system, etc. And the unified support also is offered for wind power dispatching of various application.
(2) Integration
With an overall consideration of the data and application demand of the functions of wind power automatic dispatching system, the EMS constructs unified supported data platform and service buses to integrate the data and applications in a service-oriented architecture based on the concept of integrating the data and applications,.
The information resources are used comprehensively, including primary information (the static, dynamic, transient, and other information of grid), secondary system operation information and grid operation environment. The whole process of dispatching should be intelligent, including scheduling, mode arranging, operation monitoring, automatic control, security analysis, stability analysis, risk earlywarning, prevention and pre-control, decision support, evaluation and so on.
Overall Framework of the Proposed EMS
The EMS constructs a unified basic supporting platform (as shown in Fig. 1 ), and then designs the real-time monitoring and early-warning module, scheduling module, security checking and dispatching management module and other modules which are required by wind power automatic dispatching system. All the data exchange of the application modules are based on the basic platform and it is helpful to the integration of functions and the unified maintenance of the data. 
APPLICATION MODULES AND KEY REALIZATION TECHNOLOGIES
Relation between System Platform and Applications
The proposed EMS is constituted by many applications, such as wind power data acquisition, wind power forecasting, evaluation of wind power penetration limit, wind power control, statistic and analysis of corresponding auxiliary services, analysis and display of wind power data and so on. All of these applications are built on a unified platform. The platform provides a unified model, data, network communications, GUI, system management and other services. The data exchange between applications is based on the data services supported by the platform, and the application calculation service is based on the invocation service supported by the platform. The logical relationship between applications and platform is shown in Fig. 2 .
Basic Supporting Platform Fig. 2 . The logical relationship between applications and platform.
Data Acquisition and Supervision
The wind power operation information from information acquisition module is transformed to the platform of EMS. Wind power forecast system obtains short-term or ultrashort-term wind power data with NWP data and historical operation data and transforms them to EMS platform. With the help of security check, dynamic early-warning and reserve capacity monitoring functions of EMS platform, the acceptable capacity assessment module completes the wind power acceptable capacity by using the grid planning and actual operation data.
Data acquisition and supervision module should realize data communications and control command interactions between wind power automatic dispatching system and wind farms. In the master side, the system has data acquisition and monitoring functions, including specific communication linking management, protocol treatment, data forwarding and other functions. Moreover, the system should adopt multimachine redundancy and load balancing technology to satisfy the need of high throughput and high reliability, and also it should have the functions of event recording, playback and tracking, alarm and so on.
The information to be collected is mainly as follows:
(1) The state of wind turbines
For there are a large number of wind turbines in a wind farm, the state of wind turbines is set forward by the supervision control center of wind farm. Usually, the wind turbines are not directly monitored. The state information mainly includes start-stop status (reported statistics) and so on.
In order to acquire the actual operation information of wind farms, 4-8 typical units are often set in different regions which are directly monitored.
(2) The supervision control information of wind farm
The supervision control information of wind farm includes the number of running wind turbines, the types of turbines, total active power and reactive power and the related control information. In addition, the switching information of related control plate is also included.
(3) The information of booster station
The information includes:
The active power, reactive power, current, voltage, frequency, gear positions, temperature and other information of the tie-lines, the buses, the transformers, the reactive power compensators.
Various accident signals.
Various status signals, such as circuit breakers, isolating switch, grounding switch and position signals.
Short-Term Wind Power Prediction
Short-term wind power prediction supports quantitative analysis of the correlation between wind power output and other various related factors. Presently, there are a variety of methods to achieve an accurate prediction of the available generating capacity of each period in the next day or next several days.
Ultra-Short-Term Wind Power Prediction
Ultra-short-term wind power prediction quantitatively analyses the correlation between wind power output and other various related factors by using wind tower information. It achieves accurate prediction of the available generating capacity of the next 5 minutes to 1 hour.
Wind Power Control
Wind power control module obtains the scheme information from scheduling, implements this information, and makes some adjustments according to the real-time operating status. The module could issue commands to the wind farm or provincial (regional) operator to control the wind active power of the wind farm or the control area. And it has a variety of control modes and strategies to meet the dispatching demand in control accuracy and response time.
Evaluation of Wind Power Penetration Limit
The wind power that power grid could digest is subject to grid transmission capacity, grid stability limit, the capacity of peak regulation, frequency and voltage regulation and other factors. With the comprehensive analysis methods such as power flow analysis, stability analysis, peak regulation, frequency regulation analysis and check and voltage regulation analysis, this module could obtain the mid/long term, day-ahead and real-time data of the wind power penetration limit by analysing the mid/long term, day-ahead and real-time operating data, using many basic data like generator start mode, power flow, condition based maintenance and so on.
Statistic and Analysis of Corresponding Auxiliary Services of Wind Power
With wind power operation data, the statistic and analysis module of corresponding auxiliary services can provide the reference for assessing area auxiliary services, promoting the compensation and exploring the auxiliary services marketization. This can be accomplished with as follows: (1) the added dispatching capacity of peak regulation, frequency and voltage regulation, reverse and other auxiliary services in the running wind turbines should be analysed; (2) the relationship of the accuracy of the wind power prediction and the prediction deviation should be analysed; (3) the relationship between wind operation and auxiliary services should be quantized; (4) the contribution rate of the increasing accuracy of wind power prediction reducing the dispatching capacity of auxiliary services should be quantized.
Analysis and Display of Wind Power Data
The analysis and display module of wind power data through EMS platform completes data acquisition, and then builds the warehouse of wind operation data by data pre-processing. According to the requirements of users, the operation data is shown flexibly and visually, so the information from the data can be acquired rapidly, accurately and conveniently. By using data mining technologies, the potential valuable information from the mass of data can be obtained, such as analysis of wind power, the probability distribution of the variation of wind power and the potential relationship between that and time. The customized function should be existed in the module, and the beautiful and easy-to-use report form can be exported.
CONCLUSIONS
Aiming at the fluctuation, randomness, low controllability and other characteristics of wind power, the paper analyses the technical problems of peak regulation, frequency and voltage regulation caused by large-scale wind power integration, and proposes corresponding solutions according to the requirements of power dispatching. In order to realize the goals of platform standardization, function integration and application intellectualization, the overall framework of a new generation of dispatching automatic system is proposed, and every module of the EMS and its key technologies are analyzed. The construction of this system could provide intelligent decision-making support for wind power effective integration, rational digestion, safety dispatching and so on.
